Adherence is a primary determinant of the effectiveness of any intervention. Exercise is considered essential in the management of spondyloarthritis (SpA); however, the overall adherence to exercise programmes and factors affecting adherence are unknown. The aim of this systematic review was to examine measures of, and factors influencing adherence to, prescribed exercise programmes in people with SpA. A search was performed in August 2018 using five data bases; the Cochrane library, CINAHL, EMBASE, MEDLINE, and Web of Science Collections. Inclusion criteria were: studies with adults (> 18 years) with SpA, with a prescribed exercise intervention or educational programme with the aim of increasing exercise participation. Article quality was independently assessed by two assessors. Extracted descriptive data included: populations, interventions, measures of adherence and factors affecting adherence. Percentage adherence rates to prescribed exercises were calculated if not reported. Nine studies were included with a total of 658 participants, 95% of participants had a diagnosis of ankylosing spondylitis. Interventions and measurement of adherence varied, making comparisons difficult. Rates of adherence ranged from 51.4 to 95%. Single studies identified; adherence improved following educational programmes, and higher disease severity and longer diagnostic delays were associated with higher adherence. Conflicting evidence was found as to whether supervision of exercise improved adherence. Three consecutive studies demonstrated adherence reduced over time. Adherence to prescribed exercise in SpA was poorly reported and predominately for people with AS. The levels of adherence and factors affecting prescribed exercise in SpA remain unclear. Future research should measure adherence across a longer time period and investigate possible factors which may influence adherence.
Introduction
Spondyloarthritis (SpA) describes a group of inter-related inflammatory arthritis with a prevalence of 0.4-2.4% and an incidence rate of 1-16.4/100,000 in Europe [1] . SpA subsets include ankylosing spondylitis (AS), non-radiographic axial SpA, reactive arthritis (reA), enteropathic arthritis, psoriatic arthritis (PsA) and historically undifferentiated spondyloarthropathy (uSpA) [2, 3] . These conditions share common genetic, pathophysiological and clinical features [2, 4] . AS is the prototypic form of axial SpA which typically starts in the second or third decade of life [5] .
Exercise is essential in the management of SpA to maintain or improve mobility, strength, cardiovascular health, function, quality of life and to limit spinal deformity [3] . Most literature studying exercises in SpA have used AS populations and predate the ASAS classification criteria [6] , so generalising to SpA as a whole should be done with caution [7] . Evidence shows that exercise improves AS clinical outcomes [8] with guidelines stating that people with AS should exercise frequently at every stage of their condition [9] . Exercise may have a role in attenuating a systemic antiinflammatory response. This has not yet been proven in the SpA population; however, Level 1 evidence supports that exercise improves disease activity in AS [9] .
Adherence refers to the extent to which a person's behaviour corresponds with the recommendations from a healthcare provider [10] . The term adherence is preferable to the more traditional term of compliance which implies that healthcare providers give instructions which patients passively follow [11] . The term concordance is increasingly used and refers to the consultation process between healthcare provider and patient [12, 13] . However, it cannot be easily measured, and so adherence is preferred within quantitative studies. When considering prescribed exercise programmes; adherence can relate to whether people undertake the prescribed number of exercise sessions and/or; the number of exercises during each completed session, the intensity of exercise within each session or time taken to complete the exercise session [14] .
Adherence to exercise programmes appears to be central to the therapeutic success of exercise, with research in people with osteoarthritis indicating adherent patients have better outcomes [15] . Non-adherence to prescribed exercise can reach 70% within other patient populations [16, 17] but the extent is not known within SpA. Exercise programmes in AS should be prescribed based on assessment findings and aim for a high frequency, e.g. five times per week [9, 18] . Adhering to these guidelines is likely to be challenging for both people with SpA and clinical/exercise professionals supporting them, and it is possible adherence may be lower than in other clinical conditions.
Adherence to exercise programmes may be influenced by multiple personal and interventional factors [10] . These factors have been studied in other patient populations [14, 16, [19] [20] [21] [22] [23] . Low self-efficacy, depression and pain were associated with reduced adherence [14, 19, 22] . The type and mode of delivery of exercise interventions such as supervised exercise sessions, goal setting and patient education have been shown to increase adherence [17, 21, 22, 24] . The factors which influence adherence to exercise in SpA have not been reviewed. The characteristics of SpA differ from other conditions and thus so might the factors which influence exercise adherence.
The aim of this systematic review was therefore to examine the rates of adherence to prescribed exercise and the factors reported to influence adherence in people with SpA.
Methods

Search strategy
The present systematic review follows the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines [25] . A search was performed in 
Inclusion/exclusion criteria
Articles were included if the participants were over 18 years old and had SpA, including AS, non-radiographic axial SpA, ReA, PsA, uSPA or enteropathic arthritis, or if the study had a mixed population but the data related to the SpA population could be extracted, they were published in English, the intervention involved a prescribed exercise or educational programme to increase exercise participation and included an objective measurement of adherence to exercise. Articles were excluded if they were case studies, reviews, editorial opinions, testimonies, books or discussion papers. Unpublished data, published thesis and conference abstracts were also excluded.
Quality assessment
The quality of included articles was assessed using a quality assessment tool [26] which consists of 20 criteria (Table 2 ). The standard of information required to meet each criterion was set a-priori. The maximum quality assessment score was 38 points (100%); based on three sub-categories: (1) the source population (11%), (2) study population characteristics (42%) and (3) methodological characteristics (47%). Each article was independently scored by two of three reviewers (LP, MTM, EC) and when agreement could not be met, the third assessor was consulted to ensure consensus was reached. 
Summary measures
The following data were extracted: study design, sample population, aim of study, intervention type, length and frequency of the exercise intervention, outcome measures with time points, measures of adherence, dropout rates, rates of adherence and conclusion of the study. Where no adherence data were provided, the rate of adherence was calculated where data were available. Correlations of ≥ 0.3, ≥ 0.5 and ≥ 0.7 were considered small, moderate and large, respectively [27] .
Results
Outcome of the search
The literature search produced 813 articles, including 91 duplicate articles which were removed (Fig. 1) . The titles and/or abstracts of articles were screened initially by two reviewers (MTM and DM) which resulted in a further 667 being excluded. The two reviewers (MTM and DM) then examined the abstracts and full texts of the remaining 55 articles and a further 46 articles were excluded. Reasons for exclusion at each stage are provided in Fig. 1 . This resulted in 9 full text articles for review and assessment. The main findings of each of the nine included studies are presented in summary tables (Table 3) .
Quality assessment and risk of bias
Quality assessment scores ranged from 47 to 81% (Table 4) . The majority (n = 6) of the included articles were rated as good quality, scoring greater than 60% [28] [29] [30] [31] [32] [33] (Table 4) . Gross and Brandt [36] had the lowest score (47%) due to a small convenience sample (n = 18) and attribution bias with an average of three participants attending the weekly intervention. Two studies scored 50% [34, 35] due to poor reporting of study population characteristics. Three studies ran consecutively using the same participants [30] [31] [32] . This may have led to a repeated sample effect where a positive bias was created by the participants learning effect from the outcome measures [31] [32] [33] . In the first study, participants (n = 144) all received supervised exercise and a home exercise programme (HEP) for 6 weeks [32] . The participants were then randomised into two groups, an intervention group (n = 68) which received supervised exercise and a HEP and a control group which received only a HEP (n = 76) for 9 months for a second study [31] . In the third study the intervention group from the second study (n = 68) was divided into two groups; one group undergoing group supervised exercise and a HEP while the second group continued a HEP only for a further 9 months [30] .
Study design and characteristics
The majority of included studies were randomised control trials (RCTs) (n = 5) [28] [29] [30] [31] 33] , while the remaining trials were prospective cohort studies (n = 2) [32, 34] and quasiexperimental studies (n = 2) [35, 36] . [32] . The quasi-experimental studies compared a self-management course with no intervention [35, 36] .
Participant characteristics
A total of 658 participants, 69% males, with a mean age of 46 years were included. Eight trials included participants with AS; 628 participants (95% of total participants) with a mean disease duration of 15 years [28-33, 35, 36] , while the remaining trial included 30 participants with PsA [34] .
Measurement of adherence
Adherence to prescribed exercise was the primary outcome in four studies [28, [34] [35] [36] . The remaining studies recorded adherence as a measure of fidelity to the exercise intervention [29] [30] [31] [32] [33] . Six studies measured adherence with patient-reported home exercise diaries [28] [29] [30] [31] [32] 34] . Four of these also reported the minutes of exercise per week, [28, [30] [31] [32] . One study asked participants to tick a box to record that the prescribed exercises had been completed [34] and a further study provided no details [29] . In the remaining three studies, participants were asked to retrospectively record their adherence at different time periods; namely, whether they had completed their exercises the previous day [36] , the frequency and volume of exercises in 1 week [35] , and how often the exercises had been completed over the past year [33] .
Measures of adherence and factors affecting adherence
Adherence to supervised exercise and a HEP Four studies combined supervised exercise and a HEP. Nierdemann et al. reported 75% of sessions completed to three times per week supervised and a HEP over 12 weeks [29] . Hidding et al. [32] reported 86% of minutes of HEP completed within a twice weekly 30-min supervised exercise programme and a daily 30-min HEP, no additional rate was reported to the supervised sessions [32] . Hidding et al. [30, 31] reported mean adherence rates, recorded as minutes of exercise, of 63% and 51.4% for the participants receiving a HEP over 9 months. Some participants received supervised exercise in addition to a HEP; however, they did not report separate adherence rates for each group. In Hidding et al. [31] there was no difference between the groups but within Hidding et al. [30] the group with a supervised component spent significantly longer on their HEP (mean duration 1.9 versus 1.2 h per week p < 0.05). In addition to adherence rates for a HEP, Hidding et al. reported 74% and 62% of supervised sessions attended over 9-months [30, 31] .
Three studies, Hidding et al. demonstrated that adherence to a HEP reduced over time with 86% of prescribed minutes of exercise completed in the first 6 weeks [32] , reducing to 63% over the following 9 months [31] , and 51% over subsequent 9-month period [30] . Adherence to once-weekly supervised exercises similarly reduced over time from 74% (attendance at sessions) in the first 9 months to 62% in the second 9-month period studied [30, 31] .
Adherence to HEP only
Two studies measured adherence to a HEP only. Fernandezde-las-Penas et al. [33] reported 95% adherence (sessions completed) to a once-weekly HEP for 1 year and Chimenti et al. [34] reported 100% adherence to sessions and exercises prescribed during a 12 week, twice-weekly HEP but reported 23% of participants dropped out of the programme and so calculated their overall adherence as 76%. Chimenti et al., also reported that adhering to a HEP was not affected by age, gender, body mass index, blood pressure or heart rate [34] .
Adherence to exercise following an educational programme
Three studies measured adherence to exercise following an educational programme but did not set the dose of exercise and therefore percentage adherence could not be calculated. Barlow and Barefoot [35] , found an increase in the number of completed exercises (p = 0.004) and frequency (p = 0.002) of HEP 3 weeks after a 12-h, 2-day educational programme which included information on AS, exercises in the hydrotherapy pool, posture and exercise motivation sessions. The number and frequency of exercises significantly decreased at 6 months (p = 0.04 and p = 0.007, respectively). The authors also reported a moderate but statistically significant correlation with participants with higher disease severity, having higher adherence to the number (r = 0.35, p = < 0.001) and weak but statistically significant frequency of therapeutic exercises (r = 0.28, p < 0.05), and those with longer diagnostic delay adhering to a greater number (r = 0.28, p < 0.05) and frequency of home exercise activities (r = 0.27, p < 0.05). Disease severity was measured with a similar questionnaire to the current measure of disease activity the Bath Ankylosing Spondylitis Activity Index [37] .
Gross and Brant [36] reported no significant increase in exercise participation following a 4 week, once-weekly, 90-min educational session. However, they reported that four people improved their 'compliance' with exercise programmes, five peoples compliance was unchanged and one person had reduced compliance. While Sweeny et al. [28] found participants who received an educational video with an exercise regime, a booklet and wall chart to encourage adherence to regular exercise did significantly more "AS exercise" (p = 0.05) and aerobic exercise (p = 0.001) than a control group which received no intervention; 67 min/week of AS-specific exercise before the intervention and 99 min/ week following the intervention in the intervention group, while the control group reported only an improvement of 5 min from 50 to 55 min.
Characteristics of interventions
Exercise duration ranged from 6 weeks [32] to 16 months [29] across the nine studies. Frequency of exercise sessions varied from daily [30] [31] [32] to once-weekly [33] , with individual session duration ranging from 30 min [34] to 3 h [31] . Type of interventions included hydrotherapy, Nordic walking, supervised and unsupervised, aerobic and flexibility exercises [28] [29] [30] [31] [32] [33] [34] [35] [36] . Educational programmes varied between 2 days to 4 weeks with individual sessions ranging from 90 min to 12 h [35, 36] . All but two studies [30, 31] used exercise interventions of varying length and frequency. There was no clear relationship between the frequency of the exercise and adherence with 95% adherence reported for a once-weekly intervention, 77% reported for twiceweekly, 75% reported for three times per week and between 51.4%-86% reported for five times per week.
Discussion
This is the first systematic review to explore the level of and factors affecting adherence to prescribed exercise in people with SpA. Of the nine papers included, adherence rates to the exercise programmes ranged from 51 to 95%. Inclusion of education programmes and supervision, disease severity and delays in diagnosis were factors identified which may influence adherence in SpA; however, these factors were only identified in single studies, with no consensus across studies [30] [31] [32] [33] 35] . Adherence appeared to decline over time. The exercise interventions differed in terms of frequency, type, intensity, and length and in the measurement of adherence, making direct comparison difficult.
Severity of disease and delay in diagnosis were found to influence adherence in one study, with limitations, within this review [35] . As these correlations were moderate-toweak, they should be interpreted with caution. However, greater disease severity has been shown to be associated with better adherence in other clinical conditions [38] . It is possible that prescribed exercises could reduce disability, thus increasing motivation for people with higher disease severity, or longer diagnostic delays, to adhere to recommended exercise interventions. One small study, with limitations, within this review found completing a home exercise programme was not affected by age, gender, body mass index, blood pressure or heart rate [34] . It is likely that other personal and disease characteristics influence adherence in SpA but no further information was found in the literature within this review. Future research could investigate a variety of personal and disease characteristics that may influence adherence and consider which ones best predict adherence. Understanding who is likely to adhere to prescribed exercise can allow physiotherapists to assess who is likely to benefit from their interventions and ensure resources are put in place for those who require them.
This review found limited evidence that interventions which include supervised components and educational programmes increase adherence to exercise in SpA. Two out of three studies within this review found an increase in adherence following an educational programme incorporating exercise prescription [28, 35] . The third found only a trend towards improvement, although poor patient participation with the educational programme could account for this result [36] . Two studies within this review combined a supervised component and HEP [30, 31] , one of which found that participants who were supervised for part of their programme spent significantly longer performing HEP. This review cannot conclude the magnitude of the influence of supervision and educational programmes on adherence, but it is probable that they have some effect. Indeed, supervised programmes in other patient cohorts have reported better adherence [21] and a Cochrane review of physiotherapy interventions for people with ankylosing spondylitis has shown that supervised programmes improve spinal mobility and overall wellbeing more than individualised home exercise programmes [18] . It is possible that improved adherence may in part account for this. Educational support groups have been shown to increase adherence with medicines [39] .
This review found adherence to exercise in SpA declined over time following an educational and exercise programme [30, 31, 35] . This concurs with the wider field of adherence literature [15, 24, 40] . Continued adherence has been shown to depend on the ability to accommodate exercises within everyday life and the perception that exercise is effective in improving unpleasant symptoms [41] . Improving selfregulation may help to maintain adherence to exercise over time. Self-regulatory skills, a core component of social cognitive theory, could be improved through the use of goal setting, self-monitoring, self-reinforcement, stimulus control, and cognitive restructuring strategies. Previous systematic reviews in other conditions have found these strategies to be effective but as yet have not been investigated in SpA [21, 42] .
Designing interventions which are underpinned by behavioural change theory such as social cognitive theory, are likely to maximise the potential for adherence to prescribed exercise and should be tested in SpA [42] . Improving health knowledge and self-efficacy are integral to initiating and maintaining behaviour change within social cognitive theory [38] . Self-efficacy refers to the magnitude of a person's belief in their ability to undertake a task and achieve a desired goal [42] . Interventions which provide supervision and educational information at key points and/or in novel ways, such as through telerehabilitation, could facilitate adherence, especially in the longer term when adherence declines and warrant further investigation [43] .
This review could not conclude whether the frequency of exercise sessions or the type of exercise affects adherence. Adherence to prescribed exercise may be influenced by multiple factors such as time commitment and the disease characteristics of the individual. Enjoyment and perceived benefit of types of exercise have been shown to be facilitators to regular exercise [44] . A concordance approach may improve adherence, where a physiotherapist considers how often an individual realistically thinks they can carry out their prescribed exercises, which type of exercise they would prefer and prescribes them on this basis [11] . Agreed goals and exploring barriers to change could help improve adherence on an individual basis and have been shown to improve adherence in other health conditions [45, 46] . No study within this review reported full adherence to a prescribed exercise programme. Health professionals should be aware that SpA patients are unlikely to fully adhere to an exercise programme, affecting the effectiveness of this intervention [10] . Future research should consider what level of adherence is necessary for prescribed exercise in SpA to be effective. Furthermore, there is no gold standard measure of adherence to prescribed exercise programmes. Self-reported HEP diaries, used by six of the studies within this review, may be influenced by participants' attitudes and beliefs, poor recall, and giving a perceived desired response rather than an accurate one [47] [48] [49] . The highest rate of adherence within the included studies was 95% for a once-weekly HEP [33] . Poor recall could have influenced this rate as participants were asked about adherence after 1 year. In comparison, class attendance registers, used in all supervised components within this review, do not take into consideration the adherence to exercises within the attended exercise session [30, 31] . Developing a standardised measure of adherence, which addresses the limitations of self-reported measures and fully measures adherence, would improve the ability to meaningfully assess adherence rates and make comparisons across studies but to the best of our knowledge this does not exist.
Only 5% of patients within this review were diagnosed with PsA with the remaining participants diagnosed with AS. No studies examined adherence to exercise programmes in people with reA, uSpA or enteropathic arthritis. Therefore, the limited evidence base to date is predominantly in relation to people with AS.
This review has a number of limitations. Firstly, only papers available in English were included as there were no resources for translation. This potential publication bias may influence the generalisability of the review. It was also limited by the heterogeneity of the study designs included. Due to the variety of outcome measures used, it was not possible to conduct a meta-analysis. Three studies within this review used the same participants, this may have led to a repeated sampling bias effect which may have occurred through a learning effect of the outcome measures or a reduction in performance due to boredom.
Conclusion
This review has found limited information on the level and factors influencing adherence in SpA. Adherence was poorly reported within included studies; however, findings suggest patients do not fully adhere. Factors identified within single studies as possible influencers were supervision, inclusion of education programmes, higher disease severity and delay in diagnosis. The full picture of adherence levels and factors affecting adherence to prescribed exercise in SpA remains unclear. Future research should aim to measure adherence to prescribed exercise over the longer term and consider multiple personal and interventional factors which potentially could influence adherence in SpA.
